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Karyopherins are shuttling transport receptors regulated by the small GTPase Ran, which move
cargo between the nucleus and cytoplasm by passing through the nuclear pore complexes. A recent
paper in Journal of Cell Biology (Makhnevych et al., 2007) highlights an additional role for karyopher-
ins during mitosis, in regulating the sumoylation status of the septin rings.Septins are long filamentous GTPases
that assemble as a ring structure at
the yeast bud neck in the G1 phase of
the cell cycle. As the bud grows this
ring extends through the bud neck,
forming an hourglass-shaped struc-
ture and appears as a double ring in
the mother and daughter cell. The ring
then divides during cytokinesis and
is later disassembled (Longtine and
Bi, 2003). The first major identified
SUMO-1 targets in budding yeast
were the members of the septin ring
(Cdc3, Cdc11, and Shs1). Moreover,
the septins were shown to become su-
moylated during mitosis prior to ana-
phase and desumoylated at cytokine-
sis (Johnson and Blobel, 1999). Now
Wozniak and colleagues have pro-
vided a mechanistic insight into how
the cyclic processes of septin sumoy-
lation and subsequent desumoylation
are triggered during the course of the
cell cycle (Makhnevych et al., 2007).
Sumoylation of the cortical septins is
carried out by the RING-like SUMO E3
ligase Siz1 (Johnson and Gupta,
2001), but during interphase Siz1 is
located inside the nucleus. How can
Siz1 gain access to the cortically lo-
cated septins? The recent study by
Wozniak and colleagues has unrav-
eled that during interphase the karyo-
pherin Kap95 (an importin) is responsi-
ble to transport Siz1 into the nucleus
(Makhnevych et al., 2007). However,
during mitosis before the onset of ana-
phase, Siz1 becomes phosphorylated
(Johnson and Gupta, 2001) and in
turn is exported from the nucleus by
the karyopherin Kap142/Msn5 (an
exportin). In the cytoplasm, Siz1 istargeted to the bud neck to promote
septin sumoylation. Thus, cell-cycle-
dependent septin sumoylation re-
quires regulated nucleocytoplasmic
transport and the coordinated action
of an importin and exportin that move
the SUMOE3 ligase Siz1from the cyto-
plasm to the nucleus and back.
How are the septins desumoylated?
Septin desumoylation occurs at cyto-
kinesis and is carried out byUlp1, a de-
sumoylating enzyme that is located at
the nuclear pore complex (NPC) (Li
and Hochstrasser, 2000; Takahashi
et al., 2000). The bulk of the cellular
Ulp1 is anchored to the NPC via its
regulatory N-domain that exhibits
two distinct binding sites for karyo-
pherins, the Kap95/Kap60 complex
and Kap121, respectively (Panse
et al., 2003). Kap95/Kap60 recognizes
the classical nuclear localization se-
quence (NLS) present in a large num-
ber of nuclear cargo proteins while
Kap121 is involved in the nuclear im-
port of cargo proteins with a different
type of NLS (Suntharalingam and
Wente, 2003). However, the nature of
the interaction between Ulp1 and the
karyopherin transport receptors was
found to be of a non-cargo-type since
it was found to be insensitive to
RanGTP (Panse et al., 2003). Since
Ulp1 is tethered to theNPC via its inter-
action with the Kap121 and Kap60/
Kap95, how can Ulp1 reach the bud
neck during cytokinesis to remove
SUMO from the septins? The work by
Makhnevych et al. (2007) demon-
strates that Ulp1 is transiently released
from the NPCs at mitosis thereby
facilitating desumoylation of the sep-Developmental Ctins during cytokinesis. Ulp1 release is
prompted by change in its association
specifically with Kap121. Together,
this work throws light on the conven-
tional (transport) and adjunct roles
(tethering and regulated release)
played by the karyopherins Kap95,
Kap121, and Kap142/Msn5 in regulat-
ing transient septin sumoylation.
Prior to this study the functional sig-
nificance of Ulp1 NPC anchoring re-
mained unclear. This new study has
provided insight into how such anchor-
ing and controlled release of the de-
sumoylating enzyme Ulp1 can be ex-
ploited to regulate a cellular pathway
that requires cell-cycle-dependent
sumoylation. Due to these findings
one can hypothesize that the triggered
release of Ulp1 fromNPCsmay be also
exploited for other SUMO-carrying
substrate proteins that require cell-
cycle-dependent SUMO-modification.
In yeast, proteomic approaches have
uncovered many sumoylated nuclear
proteins that affect diverse cellular
processes such as DNA replication
and repair, transcription, or chromatin
remodeling (Johnson, 2004). Thus, it
is possible that the timed release of
Ulp1 from its specific NPC anchors af-
fects the sumoylation status of a num-
ber of these proteins. This speculation
is in line with a previous observation
that the deletion of specific Kap bind-
ing sites in Ulp1 resulted in different
patterns of sumoylated proteins (Li
and Hochstrasser, 2003). Unraveling
these proteins could help to further
understand the role of Kap121- and
Kap95/Kap60-mediated tethering to
the NPC. What remains to be shownell 12, May 2007 ª2007 Elsevier Inc. 669
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Previewsis the mechanism by which Ulp1 can
be released from the NPCs during
septin desumoylation, but alteration
of theNPCconformation during cytoki-
nesis could be one of themeans to trig-
ger this process (Makhnevych et al.,
2003).
In summary, this work has shed light
on the dynamic interplay of karyopher-
ins in regulating septin sumoylation at
the bud neck, which also has implica-
tions for the regulation of other sumoy-
lated proteins involved in diverse
processes.670 Developmental Cell 12, May 2007 ªREFERENCES
Johnson, E.S. (2004). Annu. Rev. Biochem. 73,
355–382.
Johnson, E.S., and Blobel, G. (1999). J. Cell
Biol. 147, 981–994.
Johnson, E.S., and Gupta, A.A. (2001). Cell
106, 735–744.
Li, S.J., and Hochstrasser, M. (2000). Mol. Cell.
Biol. 20, 2367–2377.
Li, S.J., and Hochstrasser, M. (2003). J. Cell
Biol. 160, 1069–1081.
Longtine, M.S., and Bi, E. (2003). Trends Cell
Biol. 13, 403–409.2007 Elsevier Inc.Makhnevych, T., Lusk, C.P., Anderson, A.M.,
Aitchison, J.D., and Wozniak, R.W. (2003).
Cell 115, 813–823.
Makhnevych, T., Ptak, C., Lusk, C.P., Aitchi-
son, J.D., and Wozniak, R.W. (2007). J. Cell
Biol. 177, 39–49.
Panse, V.G., Kuster, B., Gerstberger, T., and
Hurt, E. (2003). Nat. Cell Biol. 5, 21–27.
Suntharalingam, M., and Wente, S.R. (2003).
Dev. Cell 4, 775–789.
Takahashi, Y., Mizoi, J., Toh, E., and Kiku-
chi, Y. (2000). J. Biochem. (Tokyo) 128,
723–725.
